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Evaluation for patent ductus arteriosus by both Doppler
examination and direct two-dimensional echocardio-
graphic visualization has been reported in infants and
children. However, visualization of a patent ductus ar-
teriosus in preterm infants with lung disease has been
difficult. Usinga recently developed7.5 MHz mechanical
scanner with interfaced two-dimensionaldirected pulsed
Doppler ultrasonography, 36 examinations were per-
formed from a suprasternal approach in 27 patients (age
range 1 day to 3 months, mean 18 days; weight range
490 to 2,500 g, mean 1,260).
Complete imaging for evaluation of patency of the
ductus arteriosus was successful in 33 (92%) of 36 ex-
aminations, and imaging of the pulmonary end of the
ductus arteriosus was successful in all. In 18 examina-
One important complication associated with prematurity is
persistent patency of the ductus arteriosus (l,2). The inci-
dence of patent ductus arteriosus in premature infants is
thought to be quite high, probably secondary to immaturity
of ductal tissue and consequent poor response to oxygen
(3). The presence of a large left to right shunt through a
patent ductus arteriosus augments the severity of and pro-
longs the recovery from hyaline membrane disease and bron-
chopulmonary dysplasia (4).
Results of evaluation for patent ductus arteriosus by both
Doppler ultrasound examination and direct two-dimensional
echocardiographic visualization have been reported in in-
fants and children (5,6). However, reliable visualization of
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tions, the ductus arteriosus was closed by both two-di-
mensional echocardiography and Doppler examination.
In four cases the ductus arteriosus was widely patent by
both two-dimensional echocardiography and Doppler
examination. Eleven echocardiographic examinations
revealed a narrowed ductus arteriosus, and of these,
10 (91%) showed Doppler findings of patent ductus
arteriosus.
It is concluded that combined two-dimensional/
Doppler echocardiographic assessment allows confident
detection of both a large unrestrictive and a small, ste-
notic patent ductus arteriosus in preterm infants with
lung disease.
(J Am Coil Cardiol 1985;5:973-7)
the ductus arteriosus in preterm infants, particularly those
with lung disease, has been difficult or impossible with
previously available equipment (7). Higher frequency two-
dimensional echocardiographic equipment, which enables
visualization of intracardiac and vascular structures with
improved resolution, has become available, and was em-
ployed with encouraging results by Rigby et al. (8) to eval-
uate ductal patency in 30 preterm infants. Recently, a pulsed
Doppler system has been interfaced with this equipment,
allowing directed sampling of the flow patterns at specific
locations in the cardiovascular system. Huhta et al. (9) ex-
amined term infants with this apparatus and were impressed
that directed Doppler sampling in the pulmonary end of the
ductus arteriosus was more sensitive than two-dimensional
echocardiographic imaging alone for detection of patent ductus
arteriosus. This report describes our initial results of eval-
uation for patent ductus arteriosus in preterm infants utiliz-
ing this equipment and the suprasternal notch approach.
Methods
Patients and equipment. Premature infants were re-
ferred for echocardiographic evaluation for patent ductus
arteriosus on the basis of clinical findings (for example,
0735-1097/85/$3.30
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Results
Figure 1. Technique of ductus arteriosus examination in a pre-
mature infant. Two-dimensional echocardiographic imaging from
the suprasternal notch must visualize the main pulmonary artery
and the descending aorta to image the ductus arteriosus (inset).
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Feasibility. Imaging of the ductus arteriosus was at-
tempted in each of 36 examinations in 27 patients, and
satisfactory definition of this structure was observed in 33
examinations (92%) . All infants tolerated the examination
without difficulty . In three examinations in two infants, the
pulmonary arteries and descending aorta were well visual-
ized, but adequate visualization of the entire ductus arte-
riosus could not be obtained. However, even in these pa-
tients, the pulmonary end of the ductus arteriosus was
satisfactorily visualized.
Ductus morphology. Echocardiographic imaging re-
vealed a widely patent ductus without evidence of narrowing
in four cases (II %) (Fig . 2) . Imaging of the ductus indicated
that it was closed completely in [8 studies (50%) (Fig . 3).
In 11 studies (3 1%) , the ductus appeared to be patent but
narrowed either in the middle or near the pulmonary end
(Fig. 4). With one exception, the ductus was not narrowed
or closed at its aortic end unless it was also narrowed or
closed in its middle or at its pulmonary end; the exception
(Fig. 5) was in an infant who had undergone ductal ligation.
murmur, cardiomegaly on chest X-ray film, prolonged ven-
tilator dependence) suggesting that a patent ductus arteriosus
might be present. This report describes the results of the
first 36 consecutive examinations performed by us in 27
preterm infants suspected of having patent ductus arteriosus.
Infants who subsequently were found to have congenital
cardiovascular malformations other than patent ductus were
excluded from the study. Postnatal age at examination ranged
from I day to 3 months (mean 18 days) and weight ranged
from 490 to 2,500 g (mean 1,260) . Many of the patients
studied had severe lung disease (hyaline membrane disease
or bronchopulmonary dysplasia) at the time of study and
were receiving positive pressure ventilation.
The examinations were performed with an Advanced
Technology Laboratories 600 MK mechanical sector scan-
ner. In most examinations, a triple mechanical scan head
employing three 7.5 MHz crystal s was utilized. Pulsed Dop-
pler examination was performed under two-dimensional
echocardiographic direction. When high velocity flows were
encountered, another triple mechanical scan head , combin-
ing 7.5 and 5 MHz crystals , was employed. With this scan
head, two-dimensional echocardiography was performed us-
ing the 7.5 MHz crystal, and pulsed Doppler examination
was performed under two-dimensional echocardiographic
direction using a 5.0 MHz short-focus crystal.
Technique of examination. A suprasternal or high left
parasternal approach was used to visualize the ductus. We
prefer this approach because, unlike the precordial view, it
does not foreshorten the ductus (6). A 2.5 ern thick towel
was placed under the infant's shoulders, producing mild
extension of the neck . Excess pressure on the neck and chest
was avoided, as was hyperextension of the neck. All infants
in critical condition had their transcutaneous partial pressure
of oxygen monitored throughout the examination. The entire
length of the ductus arteriosus was imaged from the main
pulmonary artery to the descending aorta by an echocar-
diographic plane directed from the right side of the neck
toward the cardiac apex (Fig. I) . An important part of the
examination was careful identification of the left pulmonary
artery . Since the left pulmonary artery and the ductus ar-
teriosus have nearly parallel courses , confusion will arise
unless both structures are clearly defined. Pulsed Doppler
studies were obtained with the sample volume positioned
I) in the main pulmonary artery in standard fashion, 2) in
the pulmonary end, and 3) in the aortic end of the ductus
arteriosus. All examinations were recorded on videotape and
then evaluated first for imaging and then for Doppler in-
formation by an independent observer.
Echo contrast aortography was performed in conjunction
with the standard echocardiographic examination in 12 in-
stances. Contrast injection was made in the standard manner
( I0) through an umbilical arterial catheter positioned under
echocardiographic control with its tip just below the ductus
arteriosus. Injections were performed with I cc/kg of saline
solution.
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This infant's ductus was widely patent at its pulmonary end
and middle, but closed near its aortic end (presumably by
ligature), and mild pulmonary stenosis caused the pulmo-
nary diverticulum of the ductus to be prominent.
Doppler echocardiography. Analysis of Doppler ve-
locity patterns from the pulmonary artery, aorta and the
pulmonary and aortic ends of the ductus arteriosus was
helpful in evaluation. The Doppler data correlated well with
predictions of patency made on the basis of imaging alone.
Each of the four patients thought to have a patent ductus
arteriosus without narrowing by imaging had Doppler find-
ings (retrograde flow in the pulmonary artery and aorta
during diastole and pulmonary artery turbulence) suggesting
that the ductus arteriosus was patent (Fig. 2). Similarly , in
all cases in which the ductus arteriosus was thought to be
closed by imaging, the Doppler studies were negative for
patent ductus arteriosus . In 10 (91%) of the II cases in
which the ductus appeared narrowed but not closed by im-
aging, turbulence and retrograde flow in the pulmonary ar-
tery ncar the ductal orifice were present. Doppler study was
positive for patent ductus arteriosus in one of the three
examinations in which the entire ductus could not be vis-
ualized, and was negative in two .
Retrograde diastolic flow and turbulence were frequently
absent in the main pulmonary artery of patients with a nar-
rowed patent ductus arteriosus . Similarly, retrograde dia-
stolic flow in the central descending aorta was frequently
Figure 2. Echocardiograms from a 1,000 g premature infant with
a large unrestrictive patent ductus arteriosus (PDA) using a 5 MHz
Doppler transducer. a, The Doppler sample volume in the ductus
arteriosus . The Doppler tracing indicated the presence of contin-
uous turbulent flow through the ductus into the pulmonary artery .
b, Doppler sample volume in the left pulmonary artery (LPA) .
Note that considerable diastolic turbulence was present in the left
pulmonary artery, suggesting that flow through the patent ductus
arteriosus was large. A = anterior; I = inferior; P = posterior;
S = superior. Time Jines are at I second intervals.
not present. However, turbulent flow through the ductus and
at the pulmonary end of the ductus could be demonstrated,
and retrograde diastolic flow was present in the portion of
the pulmonary artery and aorta immediately adjoining the
ductus.
Echo contrast aortography, Five of the 12 echo con-
trast aortograms demonstrated passage of contrast medium
from the aorta to the pulmonary artery, confirming the pres-
ence of patent ductus arteriosus. In each of these cases, a
patent ductus arteriosus was noted to be present by both
imaging and Doppler ultrasound criteria. Seven of the 12
echo contrast aortograms demonstrated no passage of con-
trast from the aorta to the pulmonary artery after an injection
opacifying the aorta. In each of these cases, the ductus
arteriosus was noted to be closed by both imaging and Dop-
pler criteria.
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Figure 3. Echocardiogram from an 800 g premature infant whose
ductus arteriosus was closed (open arrow). The Doppler tracing
was taken from the pulmonary artery of this infant near theductal
orifice and demonstrated normal pulmonaryflowwith no indication
of ductal patency. DAo = descending aorta; LA = left atrium;
PV = pulmonary valve; other abbreviations as in Figure 2.
Discussion
Advances in the care of premature infants have led to
improved survival rates in these patients (11 ,12). However,
medical knowledge regarding the complications associated
with prematurity remains incomplete. Much remains to be
learned about the role of the patent ductus arteriosus in these
infants, and central to any evaluation of this role is the
problem of accurate diagnosis.
Detection. There are two major aspects to the diagnosis
of patent ductus arteriosus in premature infants. First is the
need for a highly sensitive and specific noninvasive method
for detecting patent ductus arteriosus, because standard non-
invasive methods (physical examination, chest roentgeno-
gram and M-mode echocardiogram) have relatively poor
sensitivity and specificity for its detection in these patients
( 13, 14) . Echo contrast aortography, available for several
years, is highly sensitive and specific ( 10) , but it carries
some risk and is, therefore, not appropriate in all patients.
We believe that the most satisfactory method would ana-
tomically define the morphology of the ductus arteriosus
and demonstrate the presence or absence of flow through
it. Our initial results with high resolution two-dimensional
Figure 4. Echocardiogram from a 1,600 g premature infant with
severe lung disease and a ductus arteriosus narrowed at its mid-
portion (open arrow). The Doppler sample volume was at the
pulmonary end of theductus (upper panel). Note the presence of
very turbulent flow from the ductus into the pulmonary artery and
the late systolic velocity peak inthe Doppler tracing (lowerpanel).
MPA = main pulmonary artery; other abbreviations as in Fig-
ure 2.
echocardiography and interfaced Doppler ultrasonography,
using the suprasternal approach, are encouraging in this
regard and show the feasibility of this technique for detection
of patent ductus arteriosus. It was safe, atraumatic, repeat-
able and showed good correlation with echo contrast studies.
Doppler sampling at the pulmonary end of the ductus
appears 10 be very sensitive to the presence of ductal shunt -
ing and more sensitive than methods relying on detection
of flow changes in peripheral arteries. The addition of direct
imaging of the ductus adds specificity to the evaluation.
Conditions such as aortopulmonary window, which might
cause similar flow disturbances, can be excluded. Thus the
combination of two-dimensional echocardiography and
Doppler ultrasonography is superior to either technique alone
for detection of patent ductus arteriosus.
Quantitation. The second major aspect of patent ductus
arteriosus diagnosis in these patients is quantitation of the
hemodynamic effects of the patent ductus arteriosus. It is
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Figure 5. Echocardiogram from a 2.500 g premature infant who
had undergone ductal ligation but had congenital pulmonary ste-
nosis. a , Note that the ductus was widely patent except at its aortic
end, where it was closed (open arrow). b , Doppler sample volume
was located in the ductus arteriosus (arrow) and c , the tracing
indicates that the ductus was closed . Ao = aorta; other abbrevi-
ations as in Figure 2.
important to be able to distin guish between a patent ductus
arteriosus that is hemod ynamically insignificant and one that
is causing a large left to right shunt with increa sed pul-
monary artery pressure and decreased systemic perfusion.
We believe that the quantitative aspect of diagnosing patent
ductus arteriosus in these infants can also be approached
successfully with noninvasive two-dimensional echocardio-
graphic and Doppler ultrasound techniques and we are cur-
rently investigating the accuracy of these methods in iden-
tifying the premature infant with a hemodynamically im-
portan t patent ductus arteriosus. Other methods, such as
quantit ative aortography (15) and radionucJide angiography
(16 ,17), may also have a role in estimating the severity of
the effects of patent ductus arteriosus in selected patients.
We thank the Neonatology staff at Texas Children 's Hospital for helpful
discu ssions and their assistance in the identification of patients for this
study .
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